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conjunction with a genetic vaccine. The choice of vector and components can also be 
optimized for the particular purpose of treating allergy or other conditions. In one aspect, the 
optimized genetic vaccine components are used in conjunction with other optimized genetic 
vaccine reagents. For example, an antigen that is useful for a particular condition can be 
optimized by methods analogous to the reassembly (&/or one or more additional directed 
evolution methods described herein) and screening methods described herein. 

4 

The polynucleotide that encodes the recombinant antigenic polypeptide can be placed 
under the control of a promoter, e.g., a high activity or tissue- specific promoter. The 
promoter used to express the antigenic polypeptide can itself be optimized using reassembly 
(&/or one or more additional directed evolution methods described herein) and selection 
methods analogous to those described herein., as described in International Application No. 
PCTTUS97/17300 (International Publication No. WO 98/13487)* 

The vector can contain immunostimulatory sequences such as are described herein. A 
vector engineered to direct a ThI response can be used for many of the immune responses 
mediated by the antigens described herein. The reagents obtained using the methods of the 
invention can also be used in conjunction with multicomponent genetic vaccines, which are 
capable of tailoring an immune response as is most appropriate to achieve a desired effect. It 
is sometimes advantageous to employ a genetic vaccine that is targeted for a particular target 
cell type (e.g., an antigen presenting cell or an antigen processing cell); suitable targeting 
methods are described herein. 

Delivery of genetic vaccines and delivery vehicles to mammals in vivo and ex vivo 

Genetic vaccines, (e.g. genetic vaccines that include the optimized experimentally 
generated polynucleotides obtained as described herein, such as genetic vaccines that encode 
the multivalent antigens described herein, including the multicomponent genetic vaccines 
described herein), can be delivered to a mammal (including humans) to induce a therapeutic 
or prophylactic immune response. Vaccine delivery vehicles can be delivered in vivo by 
administration to an individual patient, typically by systemic administration (e.g., 
intravenous, intraperitoneal, intramuscular, subdermal, intracranial, anal, vaginal, oral, buccal 
route or they can be inhaled) or they can be administered by topical application. 

Alternatively, vectors can be delivered to cells ex vivo, such as cells explanted from 
an individual patient (e.g., lymphocytes, bone marrow aspirates, tissue biopsy) or universal 
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I • 

donor hematopoietic stem cells, followed by reimplantation of the cells into a patient, usually 
after selection for cells which have incorporated the vector- 
Delivery methods and references : 
A large number of delivery methods are well known to those of skill in the art. Such 

5 methods include, for example liposome-based gene delivery (Debs and Zhu (1993) WO 
93/24640; Mannino and Gould-Fogerite (1988) BioTechniques 6(7): 682- 691; Rose U.S. Pat 
No. 5,279,833; Brigham (1991) WO 91/06309; and Feigner et al. (1987) Proc. Natl. Acad. 
Sci. USA 84: 7413-7414), as well as use of viral vectors (e.g., adenoviral (see, e.g., Bems et 
al. (1995) Ann. NY Acad Sci. 772: 95-104; Ali et al. (1994) Gene Hier. 1: 367-3 84; and 

10 Haddada et al. (1995) Curr. lop. Microbiol. Immunol. 199 (Pt 3): 297- 306 for review), 
papillomaviral, retroviral (see, e.g., Buchscher et al. (1992) J Virol. 66(5) 2731-2739; Johann 
et al. (1992) J Virol. 66 (5):163 5-1640 (1992); Sommerfelt et al. , (1990) Virol. 176:58-59; 
Wilson et al. (1989) J Virol. 63:2374-2378; Miller et al., J Virol. 65:2220-2224 (1991); 

j 

Wong-Staal et al., PCT/US94/05700, and Rosenburg and Fauci (1993) in Fundamental j j 

is Immunology, Third Edition, Paul (ed) Raven Press, Ltd., New York and the references 

therein, and Yu et al., Gene Therapy (1994) supra.), and adeno-associated viral vectors (see, I 
West et al. (1987) Virology 160:3 8-47; Carter et al. (1989) U. S. Patent No. 4,797,3 68; | 

Carter et al. WO 93/24641 (1993); Kotin (1994) Human Gene Therapy 5:793 - 801; j 

'■■ i 

Muzyczka (1994) J Clin. Invst 94:1351 and Samulski (supra) for an overview of AAV 
20 vectors; see also, Lebkowski, U.S. Pat No. 5,173,414; Tratschin et al. (1985) Mol. Cell. Biol. 
5(ll):3251-3260; Tratschin, et al. (1984) Mol. Cell. Biol., 4:2072- 2081; Hermonat and 
Muzyczka (1984) Proc. Natl. Acad Sci. USA, 81:6466-6470; McLaughlin et al. (1988) and 

■ i 

Samulski et al. (1989) J Virol., 63:03 822-3 828), and the like; 

Introduction of "Naked" DNA and/or RNA that comprises a genetic vaccine directly into a 
25 tissue or using "biolistic" or particle-mediated transformation, both in vivo and ex vivo 

"Naked" DNA and/or RNA that comprises a genetic vaccine can be 
introduced directly into a tissue, such as muscle. See, e.g., USPN 5,580, 859. Other methods 
such as "biolistic" or particle-mediated transformation (see, e.g., Sanfbrd et al., USPN 
4,945,050; USPN 5,036,006) are also suitable for introduction of genetic vaccines into cells 
30 of a mammal according to tihe invention. These methods are useful not only for in vivo \ 
introduction of DNA into a mammal, but also for ex vivo modification of cells for ; "L- 

reintroduction into a mammal. As for other methods of delivering genetic vaccines, if 
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necessary, vaccine administration is repeated in order to maintain the desired level of 
immunomodulation. 

SUMMARY OF TABLES 1-85 

These tables show preferred, but non-limiting, examples of 3-base long mutagenic cassettes 
that are non-stochastic and degenerate. 
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TABLE 1. N, N, G/T 



TOTAL 



GGT 


ngprtaenicQ 
YES 


GLYCINE 2 


^^C^EGOKY^^€g^g^2^ 

NONPOLAR 35 
(NPL) 


GOC 


NO 


GOA 


NO 


GGG 


YES 


GCT 


YES 


ALANINE 2 


GOC 


NO 


GCA 


NO 


GCG 


YES 


GTT 


YES 


VALINE 2 


GTC 


NO 


GTA 


NO 


GTG 
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TTA 


NO 


LEUCINE 3 


TIG 
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err 
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NO 


CTA 


NO 
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ATT 

All 
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ATC 


NO 


ATA 


NO 


ATG 
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METHIONINE 1 


TTT 


YES 


PHENYLALANINE I 


TTC 


NO 


TGG 
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TRYPTOPHAN 1 


CCT 


YES 


PROLINE 2 


CCC 


NO 


CCA 


NO 


CCG 
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TCT 


YES 

**** 


SERINE 3 


POLAR 9 
NONIONTZABLE 
(POL) 


TCC 


NO 


TCA 


NO 


TOG 
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AGT 
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AGO 


NO 


TOT 
TGC 
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NO 
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AAT 
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AAC 


NO 


CAA 


NO 
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TAT 
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NO 
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NO 
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64 


32 


20 Amino Acids Are 1 
Represented | 


NPL:POL^NEG:POS:STP = 
15: 9: 2: 5: 1 



305 



WO 02/092780 



PCT/US02/15767 



TABLE 2. N, N, G/C 
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TABLE 3. N, N, G/A 
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TABLE 4. N, N, A/C 
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NPL:POL:NEG:POS;STP 
14: 9: 2: 5: 2 
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TABLE 5- N, N» A/T 
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18 Amino Acids Are 
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POLAR 
NONIONIZABLE 
(POL) 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 
(NEC) 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(POS) 



STOP SIGNAL 
(STP) 



NPL: POL: NEG: POS: STP 
14: 9: 2: 5: 2 
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TABLE 6. N, N, C/T 



TOTAL 



CODON 

GOT 


Represented 

iJbi> 


AMINO ACID (Frequency) 

til WlMtJ O 


CATEGORY 0^eqiicncy>_ 

NONPOfAR 14 




vec 

ICO 








MO 








NO 






OPT 


YES 


ALANINE 2 




GCC 


YES 






GCA 


NO 






Vwu 


NO 






GTT 


YES 


VALINE 2 

V i UUUiArf Ar 




GTC 


YES 






gita 


NO 








NO 






TTA 


NO 






TIG 


MO 






err 


YES 






1 CTC 


YES 






CTA 


NO 






CFG 


NO 






ATT 


YES 


BOLEUC1NE 2 




ATC 


YES 






ATA 


NO 






ATO 


NO 


JVXJQ X JtlXKJXX IViE, \f 




111 


xxio 


WJCMVT AT AMTMC O 




1 XTC 


YES 






TGG 


NO 


IkYPTOPHAN o 




CCT 


YES 


PROLINE 2 




COC 


YES 






CCA 


NO 






CCG 


NO 






TCT 


YES 


SERINE 4 


POLAR 12 


TCC 


YES 




NONIONEABLE 


I TCA 


NO 




(POL) 


TCG 


NO 






AGT 


YES 






AGC 


YES 






TGT 


YES 


CYSTEINE 2 




TOP 


VT3Q 
I CO 






A AT 
AAi 


ll» 


A CDAtJ A/TKTT3 O 




! AAP 


XXSo 






A A 


NO 


GLUTAMINE 0 




UAu 


NO 






TAT 


YES 


TYROSINE 2 




TAG 


YES 






ACT 


YES 


THREONINE 2 




ACC 


YES 






Af*A 


nu 






! ACG 


NO 






GAT 


vpo 1 

X CO 


A^PARTFP A PIT* 9 


TOMT7ATIT H« A*"**!"*!!"" 9 


GAC 


YES 


NEGATIVE CHARGE 


GAA 


_ NO 


GLUTAMIC ACE) 0 


(NEG) 


GAG 


NO 1 






AAA 


NO 






AAG 


NO 




POSITIVE CHARGE 


CGT 


YES 


ARGINJNE 2 


(POS) 


CGC 


YES 






CGA 


NO 






CGG 


NO 






AGA 


NO 






AGG 


NO 




* 


CAT 


YES 


HKTEDINE 2 




CAC 


YES 






TAA 


NO 


STOP CODON 0 


STOP SIGNAL 0 


TAG 


NO ] 




(STP) 


TGA 


NO 






64 


32 


15 Amino Acids Are 
Represented 


NPL:POL:NEG:POS:STP = 
14: 12: 2: 4: 0 
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TABLE 7. N,N.N 



CODON 



Represented 



GGT 



GGC 



GGA 



GGG 



GCT 



GCC 



GCA 



GCG 



GTT 



GTC 



GTA 



GTG 



TTA 



TIG 



err 



CTC 



CTA 



CTG 



ATT 



ATC 



ATA 



ATG 



TXT 



TTC 



TGG 



ccr 



CCC 



CCA 



CCG 



TCT 



TCC 



TCA 



TCG 



AGT 



AGC 



TGT 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



GLYCINE 



ALANINE 



VALINE 



LEUCINE 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



BOLEUCINE 



METHIONINE 



PHENYLALANINE 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



TGC 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



ACT 



ACC 



ACA 



ACG 



GAT 



GAC 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



GAA 



GAG 



AAA 



AAG 



CGT 



CGC 



CGA 



CGG 



AGA 



AGG 



CAT 



CAC 



TAA 



TAG 



TGA 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



TRYPTOPHAN 



PROLINE 



CYSTEINE 



ASPARAGJNE 



2 



GLUT AMINE 



TYROSINE 



THREONINE 



ASPARTIC ACID 



GLUTAMIC ACID 



2 



LYSINE 



ARGININE 



HISTDOINE 



2 



STOP CODON 



TOTAL 



64 



64 



20 Amino Acids Are 
Represented 



CATEGORY 



(Frequency) 



NONPOLAR 
(NPL) 



29 



POLAR 
NONION1ZABLE 
(POL) 



IS 



lONEABLEr ACIDIC 
NEGATIVE CHARGE 
(NEG) 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(POS) 



10 



STOP SIGNAL 
(STP) 



NPL: POL: NEG: POS: STP 
29: 18: 4: 10: 3 
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TABLE 8, N, N, G 




TOTAL 



GGA 



GGG 



GCT 



GCC 



GCA 



GCG 



GTT 



GTC 



GTA 



GTG 



TTA 



TTG 



err 



CTC 



CTA 



CTG 



ATT 



ATC 



ATA 



*ATG 



TTT 



TTC 



TGG 



CCT 



CCA 



CCG 



TCT 



TCC 



TCA 



TCG 



AGT 



AGC 



TGT 



TGC 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



ACT 



AGC 



ACA 



ACG 



GAT 



GAC 



GAA 



GAG 



AAA 



AAG 



CGT 



CGC 



CGA 



CGG 



AGA 



AGG 



CAT 



CAC 



TAA 



TAG 



TGA 



64 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



NO 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 
YES 



NO 



NO 



NO 



YES 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



16 



ALANINE 



VALINE 



LEUCINE 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



SI 



CYSTEINE 



0 



ASPARAGJNE 



GLUT AMINE 



TYROSINE 



THREONINE 



ASPARTIC ACID 



GLUTAMIC ACID 



LYSINE 



ARGININE 



HISTIDINE 



CATEGORY 
TJoNPOLAR* 

<NPL) 



POLAR 
NONIONEABLE 
(POL) 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 
<NEG) 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(POS) 



STOPCODON 



13 Amino Acids Are 
Represented 



STOP SIGNAL 
(STP) 



NPL:POL:NEG:POS:STP 
8: 3: 1: 3: 1 
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TABUS 9. N, N, A 



TOTAL 



1 CODON 


Rao its q prrtpH 


i AMINO AHin HTnvninnpv^ 


f GGT 


NO 


| GLYCINE 1 


f GGC 


NO 




1 GGA 


YES 




1 Vmu 


NO 




I OCT 


NO 


ALANINE 1 








i ULA 




■ 


3 GCG 


NO 




1 GTT 


NO 


VALINE 1 | 


I GTC 


NO 




I GTA 


YES 




I GTG 


NO 




I TTA 


YES 


LEUCINE 2 j 


1 TTf? 


MO 




1 CTT 


NO 




S ctc 


NO 




i CTA 


YES 




1 CTG 


NO 




§ ATT 


KJO 




1 ATT* 


MO 




1 ATA 


YEo 




1 Alll 


NO 


METHIONINE 0 1 


I TIT 


*AV^^ 

NO 


PHENYLALANINE 0 | 


I TTC 


NO 




1 TGG 


NO 


TRYPTOPHAN 0 1 


f CCT 


NO 


PROLINE 1 I 


S ccc 


NO 




I CCA 


YES 




I^CCG^^ 


^^*jO^^_ 




1 TCT 


NO 


SERINE 1 1 


1 TCC 


NO 




? "TCA 


YES 




1 ICG 


NO 




1 AGT 


NO 




1 AGC 


NO 




ft TGT 


NO 


CYSTEINE 0 1 


1 TGC 


NO 




I AAT 


NO 


ASPARAGINE 0 1 


f AAC 


NO 




1 CAA 


YES 


GLUTAMINE 1 I 


[ CAG 


NO 




1 TAT 


NO 


TYROSINE 0 ! 


I TAG 


NO 




ACT 


NO 


THREONINE 1 | 


!! ACC 


NO 




! ACA 


YES 




^^ACG^^^ 






1 GAT 


NO 


ASPAMlCAClD^ E! ™ i ^0^^| 


L GAC 


NO 




I GAA 


YES 


GLUTAMIC ACID 1 I 


! vjAvj 




^AAA^ 


YES 




AAG 


NO 




CGT 


NO 


ARGININE 2 1 


CGC 


NO 




CGA 


YES 




CGG 


NO 




AGA 


YES 


*" 11 


AGG 


NO 




CAT 


NO 


HISTlDlNE 0 1 


CAC 


^^NO^^^ 




TAA ' 


YES ' 


sropcoSc^™ - mmm ^^ H ^^Y 


TAG 


NO 


^TGA^^ 






64 


16 


12 Amino Acids Are 1 



CATEGORY 



NONPOLAR 
(NPL) 



wEimBmmiL 



POLAR 
NONION1ZABLE 
(POL) 



ION2ZABLE: ACIDIC 
NEGATIVE CHARGE 
(NEG) 

IONIZABLE: BASIC 
POSITIVE CHARGE 
<POS) 



STOP SIGNAL 
(STP) 



Represented 



lMPL:POL:iNEG:POS:STP 
7« 3» 1» 3» 2 
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TABLE 1(XN,N,C 



CODON I Represented 



GGT 



GGC 



GGA 



GGG 



GCT 



gcc 



GCA 



GCG 



GTT 



GTC 



GTA 



GTG 



TTA 



TTG 



CTT 



CTC 



CTA 



CTG 



ATT 



ATC 



ATA 



ATG 



TTT 



TTC 



TGG 



CCT 



CCC 



CCA 



CCG 



tct 



TCC 



TCA 



TCG 



AGT 



AGC 



TGT 



TGC 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



ACT 



ACC 



ACA 



GAC 



GAA 



AAG 



CGT 



CGC 



CGA 



CGG 



AGA 



AGG 



CAT 



CAC 



TAA 



TAG 



TOTAL 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



YES 



NO 



YES 



NO 



NO 



NO 



YES 



NO 



NO 



NO 



NO 



AMINO ACID 



(Frequency) 



CATEGORY 



(Freqoency) 



GLYCINE 



NONPOLAR 
(NPL) 



ALANINE 



VALINE 



LEUCINE 



NO 



YES 



NO 



NO 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



SERINE 



POLAR 
NONIONEABLE 
(POL) 



CYST1 



ASPARAGINB 



GLUTAMINE 



TYROSINE 



THREONINE 



ASPARTTC ACID 



GLUTAMIC ACID 



LYSINE 



ARGININE 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 
(NEG) 

ioneableTbasic 
positive charge 

(POS) 



2 



HISTDDINE 



STOP CODON 



IS Amino Acids Are 
Represented 



STOPSIGNAL 
(ST?) 



NPL:POL:NEG:POS:STP 
7: 6: 1: 2: 0 
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TABLE 11.N.N.T 



CODON 


Represented 


AMINO ACID (frequency) 


CA ilfiiiOKY irre<liffincy) 


GOT 


YES 


GLYCINE 1 


NONPOLAR 7 


GGC 


NO 




(NPL> 


GGA 


NO 






i GGG 


NO 






gct 


YES 


ALANINE 1 




GCC 


NO 






GCA 


NO 






GCG 


NO 






! _i - ■ . ■ 

GTT 


YES 


VALINE 1 




GTC 


NO 






GTA 


NO 






GTG 


NO 


• 




TTA 


NO 


LEUCINE 1 












CTT 


YES 






CTC 


NO 






CTA 


NO 






1 CTC 


NO 






ATT 


VI3C 






A "TV" 1 

I ATLr 








ATA 


NO 






ATG 


NO 


METHIONINE 0 




TXT 


yes 


PHENYLALANINE 1 




TTC 


NO 






TGG 


NO 


TRYPTOPHAN 0 




CCT 


r YES 


PROLINE 1 




1 ccc 


NO 






CCA 


NO 






CCG 


NO 






Id 


YTPC 
X Co 




POT A1? 


TCC 


NO 




NONIONEABLE 


TCA 


NO 




(POL) 


TCG 


NO 






AGT 


YES 






AGC 1 


NO 






TGT 


YES 


CYSTEINE 1 




TGC 


NO 






AAT 


YES 


ASPARAGINE 1 




1 AAC 


NO 






CAA 


NO 


GLUTAM2NE 0 




CAG 


NO 






TAT 


YES 


TYROSINE 1 




TAC 


NO 






ACT 


YES 


THREONINE 1 




ACC 


NO 


t 




ACA 


NO 






i A fii 
AvAj 


NO 


1 




GAT 


YES 


ASPARTIC ACID 1 


IONEABLE: ACIDIC 1 


GAC 


NO 




NEGATIVE CHARGE 


GAA 


NO 


GLUTAMIC ACID 0 


(NEG) 


GAG 


NO 






AAA 
AAA 




LYSINE 0 


IONIZABL& BASIC 2 


AAG 


NO 




POSITIVE CHARGE 


CGT 


YES 1 


ARGIN1NE 1 


CPOS) 


CGC 


NO 1 






CGA 


NO 1 






CGG 


NO 






AGA 


NO 






AGG 


NO 






CAT 


YES 


HISTIDINB 1 




CAC 


NO 






TAA 


NO 


STOP CODON 0 | 


STOP SIGNAL 0 


TAG 


NO 




(STP) 


TGA 


NO 






64 


16 


15 Amino Acids Are 


NPL:POL:NEG:POS:STP 






Represented 


7: 6: 1: 2: 0 
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TABLE 12. N, N, C/G/T 



CODON I Represented 



GGT 



GGC 



GGA 



GGG 



GCT 



GCC 



GCA 



GCG 



GTT 



GTC 



GTA 



GTG 



TTA 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



NO 



TIG 



CTT 



crc 



CTA 



CTG 



ATT 



ATC 



ATA 



ATG 



TTT 



TTC 



TGG 



OCT 



CCC 



CCA 



CCG 



TCT 



TCC 



TCA 



TOG 



AGT 



AGC 



TGT 



TGC 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



ACT 



ACC 



ACA 



ACG 
GAT 



GAC 



GAA 



GAG 
AAA 



AAG 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



YES 



YES 



NO 



YES 



AMINO ACID 



(Frequency) 



CATEGORY 



(Frequen 



GLYCINE 



NONPOLAR 
(NPL) 



22 



at 



ALANINE 



VALINE 



LEUCINE 



ISOLEUCINE 



2 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



Si 



POLAR 
NONIONEABLE 
(POL) 



IS 



CYSTEINE 



ASPARA< 



2 



GLUTAMINE 



TYROSINE 



2 



THREONINE 



ASPARTICACID 



YES 



NO 



CGT 



CGC 



CGA 



COG 



AGA 



AGG 



CAT 



CAC 
TAA 



TAG 



TOTAL 



YES 



YES 



YES 



NO 



YES 



NO 



YES 



YES 



YES 



GLUTAMIC ACID 



LYSINE 



ARGININE 



IONEABLE: ACIDIC 
NEGATIVE CHARGE 
(NEG) 

ionizabSbasic 
positive charge 

(POS) 



fflSUDINE 



STOP CODON 



20 Amino Acids Are 
Represented 



STOP SIGNAL 
(STP) 



NPLiPOLrNEG^OSzSTP 
22: 15: 3: 7: 1 
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TOTAL 







AMINO ACID ^Fre<f oency) 


! CATEGORY (Freouency) 




YES 

X BJ 


GLYCINE 3 


NONPOLAR 22 
(NPL) 




NO 




YES 


GGG 


YES 


GCT 


YES 


ALANINE 3 




GCC 


NO 


GCA 


YES 

A ■ M^ 




YES 


CTT 


r YES 


VALINE 3 


* 




NO 




YES 


mm 


ICO 


TTA 
1 1 A 


vpc 
ICS 


LEUCINE 5 


TTG 


YES 


err 


YES 


CTC 


NO 


CTA 


; YES 


CTG 


YES 


ATT 


YES 


K0LEUC1NE 2 


ATC 


NO 


ATA 


YES 


ATG 


YES 


METHIONINE 1 


TTT 


YES 


PHENYLALANINE 1 


TTC 


NO 




YES 


TRYPTOPHAN 1 




YES 


PROLINE % 






INU 


CCA 


YES 


CCG 


unn 

YES 


TCT 
TCC 


YES 
NO 


SERINE 4 


POLAR 12 
NONIONIZABLE 
(POL) 

* 


TCA 


YES 




TCG 


YES 


AGT 


YES 


AGC 


! NO 


TOT 


yes 


CYSTEINE 1 


x v**«» 


NO 


A AT 


X CO 






NO 
nu 


/-I » JL 

LAA 


YES 


GLUT AMINE 2 




VHP 

YES 


TAT 


YES 


TYROSINE 1 


MM A 

TAC 


NO 


ACT 


YES 


THREONINE 3 




M. ^^^^ 

ACC 


NO 




IE3 


ACG 


! YES 


GAT 


YES 


ASPARTIC ACID 1 


XONGSABLE: ACIDIC 3 
NEGATIVE CHARGE 
(NEG) 


GAC 


NO 


GAA 


YES 


GLUTAMIC ACID 2 


! GAG 


YES 


AAA 


YES 


LYSINE 2 


I0NEABLE: BASIC 8 
POSHTVE CHARGE 
(POS) 


AAG 


YES 


CGT 


YES 


ARGININE S 


CGC 


NO 


CGA 


YES 


1 CGG 


YES 


AGA 


YES 


AGG 


YES 


CAT 


YES 


HISTIDINE I 


1 CAC 


NO 


TAA 


YES 


STOPCODON 3 


STOP SIGNAL 3 
(STP) 


TAG 


YES 


TGA 


YES 


64 48 


20 Amino Acids Are 
Represented 


NPL:POL:NEG:POS:STP = 
22: 12: 3: 8: 3 j 
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TABLE 14. N, N, A/C/T 



CODON 



GGT 



GGC 



GGA 



GGG 



GCT 



GCC 



GCA 



GCG 



GTT 



GTC 



GTA 



GTG 



TTA 



TTG 



CTT 



CTC 



CTA 



Represented 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



NO 



YES 



YES 



AMINO ACID 



<Fggj 



GLYCINE 



ALANINE 



VALINE 



LEUCINE 



CXG 



ATT 



ATC 



ATA 



ATG 



TIT 



TIC 



TGG 



CCT 



CCC 



CCA 



CCG 



TCT 



TCC 



TCA 



TOG 



AGT 



AGC 



TGT 



TGC 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



ACT 



ACC 



ACA 



ACG 



GAT 



GAC 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



NO 



YES 



YES 



YES 



YES 



YES 



NO 



YES 



YES 



GAA 



GAG 



AAA 



AAG 



CGT 



CGC 



CGA 



CGG 



AGA 



AGG 



CAT 



CAC 



TAA 



TAG 



TGA 



YES 



NO 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



NO 



YES 



YES 



YES 



NO 



YES 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



CYSTEINE 



ASPARAGINE 



2 



GLUTAMINE 



TYROSINE 



THREONINE 



ASPARTICACJGD 



CATEGORY 



(Frcqiiegcy) 



NONPOLAR 
CNPL) 



21 



POLAR 
NONIONEABLE 
(POL) 



15 



GLUTAMIC ACID 



LYSINE 



ARGININE 



HISTIDINE 



2 



STOP CODON 



TOTAL 



64 



48 



18 Amino Acids Are 
Represented 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 
(NEC) 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(POS> 



STOP SIGNAL 
(STP) 



NPL:POL:NEG:POS:STP 
21: 15: 3: 7: 2 
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TOTAL 



CODON | Represented 


AMINO ACID (Frec|aency) 


CATEGORY flgreouency) 


GGT 
GGC 


NO 
YES 


GLY< 


CINE 3 


NONPOLAR 22 
(NPL) 


GGA 


YES 




GGG 


YES 


GCT 


NO 


ALANINE 3 




GCC 


YES 


GCA 


YES 


GCG 


YES 


GTT 


NO 


VALINE 3 




GTC 


YES 


GTA 


YES 


GTG 


YES 


TTA 


YES 


LEUCINE 5 




TTG 


YES 


CTT 


NO 


CTC 


YES 


CTA 


YES 


CTG 


YES 


ATT 
ATC 


NO 
YES 


1SOL 


EUCINE 2 


• 


ATA 


YES 




ATG 


YES 


METHIONINE 1 




i TTT 


NO 


PHENYLALANINE 1 




TTC 


YES 


TGG 


YES 


TRYPTOPHAN 1 




CCT 


NO 


PROLINE 3 






YES 




xx» 


CCG 


YES 


TCT 


NO 


SERINE 4 


POLAR 12 
NONIONEABLE 
(POL) 


TCC 


YES 


TV* 1 A 


vnc 




VRC 
I So 


AGT 


NO 


AGC 


YES 


TGT 


NO 


CYSTEINE 1 


TGC 


YES 


I AAT 


NO 


ASPARAGINB 1 


AAC 


YES 


CAA 


YES 


GLUTAMINE 2 


CAG 


YES 


I TAT 


NO 


TYROSINE i 


TAC 


YES 


ACT 


NO 


THREONINE 3 


ACC 


YES 


ACA 


YES 


1 ACG 


YES 


GAT 


NO 


ASPARTICACID 1 


IONIZABLB: ACIDIC 3 
NEGATIVE CHARGE 
(NEG) 


GAC 


YES 


GAA 


YES 


GLUTAMIC ACID 2 


! GAG 


YES 


AAA 


YES 


LYSINE 2 


POSITIVE CHARGE 
(POS) 


AAG 


YES 


CGT 


NO 


ARGININE 5 


CGC 


YES 


I GGA 


YES 


CGG 


YES 


\ AGA 


YES 


AGG 


YES 


CAT 


NO 


HISTEDENE 1 


CAC 


YES 


TAA 


YES 


STOP CODON 3 


STOP SIGNAL 3 
(STP) 


TAG 


YES 


TGA 


YES 


64 48 


20 Amino Acids Are 
Represented 


NPL:POL:NEG:POS:STP = 
22: 12: 3: 8: 3 
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TABLE 16. N, A, A 



TOTAL 



CODON 



CAA 



resented 



AMINO ACID 



(Frequency) 



YES 



GLYCINE 



ALANINE 



VALINE 



LEUCINE 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINB 



SERINE 



CYSTEINE 



ASPARAGINE 



GLUTAMINE 



TYROSINE 



THREONINE 



ASPARTIC ACID 




CATEGORY 



NONPOLAK 
<NPL) 



aency) 



POLAR 
NGNIONEABLE 
(POL) 



ION1ZABLE: ACIDIC 
NEGATIVE CHARGE 



3 Amino Acids Are 
Represei 



NPL:POL:NEG:POS:STP 
0: 1: 1: 1: 1 



TABLE 17. N, A, C 




TOTAL 




AAC 



TAC 



CAC 



YES 



YES 



YES 



AMINO ACID 
GLYCINE 



ALANINE 



VALINE 



E 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



CYSTEINE 



ASPARAGINE 



GLUTAMINE 



TYROSINE 



THREONINE 
ASPARTIC ACID 



0 
1 



GLUTAMIC ACID 




CATEGORY 

NONPOLAR 
CNPL) 



POLAR 
NONIONEABLE 
(POL) 



IONEABLE: ACIDIC 
NEGATIVE CHARGE 



ARGINXNE 



HISTTDINE 
STOP CODON 




4 Amino Acids Are 
Represented 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(POS) 



STOP SIGNAL 

NPL:POL:NEG:POS:STP = 



0: 



1: 1: 0 
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TABLE 18. N, A, G 




CAG 



GAG 



TOTAL 



AAG 



TAG 



YES 



YES 



YES 



YES 



AMIN O ACID 
GLYCINE 



ALANINE 



VALINE 



LEUCINE 



JSOLEUGZNE 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



SERINE 



CYSTEINE 



ASPARAGINE 



GLUTAMINE 



TYROSINE 



NINE 



ASPARTIC ACID 



GLUTAMIC ACID 



LYSINE 



ARGENINE 



HISTEDINE 



STOPCODON 



3 Amino Acids Are 
Represented 



category 
TSonKlBT 

(NPL> 



POLAR 
NONIONIZABLE 
(POL) 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(POS) 



STOP SIGNAL 
(SIP) 



NPL:POL:NEG:PO$:STP 
0: 1: 1: 1: 1 



TABLE 19. N, A, T 



TOTAL 



CODON 


Represented ' 


J AMINO ACID ^FnajuencjO 


CATEGORY (Freauencv) 






GLYCINE 0 
ALANINE 0 


NONPOLAR 0 
(NPL) 






VALINE 0 






LEUCINE 0 






KOLEUCINE 0 






METHIONINE 0 






PHENYLALANINE 0 






TRYPTOPHAN 0 






PROLINE 0 








SERINE 0 


POLAR 2 
NONIONIZABLE 
(POL) 






CYSTEINE 0 


AAT 


YES 


ASPARAGINE 1 






GLUTAMINE 0 


TAT 


YES 


TYROSINE 






THREONINE 0 


GAT 


YES 


ASPARTIC ACID 


IONIZABLE: ACIDIC I 
NEGATIVE CHARGE 
(NEG> 






GLUTAMIC ACID 0 






LYSINE 0 


IONIZABLE: BASIC 1 
POSITIVE CHARGE 
(POS) 






ARGININE 0 


CAT 


YES 


fflSTTDlNE l 


| | STOPCODON 0 


STOP SIGNAL 0 
©TP) 


4 4 Amino Acids Are 

Represented 


NPL:POL:NEG:POS:STP = 
0: 2: 1: 1: 0 
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TABLE 20. N, C, A 



CODON 


Represented 


AMINO ACID 


(Frequency) 


CATEGORY 


(Frequency) 






GLYONB 


0 


j NONPOLAR 


2 


GCA 


YES 


ALANINE 


1 


(NPL) 








VAT IMP 


u 












n 












n 

V 












n 

V 










PHENYLALANINE 


0 












A 

V 






OCA 


YES 


PROLINE 


1 






TCA 


YES 


SERINE 


1 


POLAR 


2 






CYSTEINE 


0 


NONIONEABLE 
(POL) 








ASPARAGINB 


0 








GLUTAMINE 


0 










TYROSINE 


0 






ACA 


YES 


THREONINE 


1 










ASPARTIC ACID 


0 


ION1ZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 








LYSINE 


0 


IONTZABLE: BASIC 


0 






ARGTMNE 


0 


POSITIVE CHARGE 








mSTDDINE 


0 


(POS) 








STOP CODON 


0 


STOP SIGNAL 
(SIP) 


0 




4 


4 Amino Acids Are 
Represented 


NPL dPOL:NEG:POS:STP = 
2: 2: 0: 0: 0 



TABLE 21. N, C, C 



CODON 


1 Represented 


1 AMINO ACID 


^^jrefluency) 


CATEGORY (Frequency) 






GLYCINE 


0 


NONPOLAR 


2 


GCC 


YES 


ALANINE 


1 


(NPL) 








VALINE 


0 










LEUCINE 


0 










ISOLEUONE 


0 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 






CCC 


YES 


PROLINE 


1 






TCC 


YES 


SERINE 


1 


1 POLAR 


2 






CYSTEINE 


0 


NONIONTZABLE 








ASPARAGINB 


0 


(POL) 








GLUTAMINE 


0 










TYROSINE 


0 






ACC 


YES 


THREONINE 


I 










ASPARTIC ACID 


0 


IONTZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 
(NEG) 








LYSINE 


0 


IONTZABLE: BASIC 


0 






ARGIN1NE 


0 


POSITIVE CHARGE 








rESTTDINE 


0 


(POS) 








STOPCODON 


0 


STOP SIGNAL 


0 



TOTAL 



4 



4 Amino Acids Are 
Represented 



NPL:POL-J>®G:POS:STP 
2: 2: 0: 0: 0 
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TABLE 22. N, C, G 



TOTAL 







AMINO ACID 


grequencyj* 


LA id W*w X 








GLYCINE 


0 




2 1 


GCG 


YES 


ALANINE 


1 


<NPL) 








VALINE 


0 


• 








LEUCINE 


0 










ISOLEUCJNE 


Q 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 






CCG 


YES 


PROLINE 


1 






TCG 


YES 


SERINE 1 


POLAR 


2 






CYSTEINE 


0 


NONIONEABLE 
(POL) 








ASPARAGINE 


0 








GLUTAMINB 


0 










TYROSINE 


0 






ACG 


YES 


THREONINE 


1 










ASPARHC ACID 


0 


IONIZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 
(NBG) 








LYSINE 


0 


IONIZABLE: BASIC 


0 






ARGININE 


0 


POSITIVE CHARGE 
(POS) 








HBTTDINE 


0 








STOPCODON 


0 


STOP SIGNAL 
(STP) 


0 




4 


4 Amino Acids Are 


NPL:POL:NEG:POS:STP = 






_ 1 


2: 2: 0: 


0: 0 









TABLE 23. N, C, T 



TOTAL 





Represented 


AMINO ACID 


(Frequency) 


CATEGORY 


(Frequency) 






GLYCINE 


0 


NONPOLAR 


2 


GCT 


YES 


ALANINE 


1 


(NPL) 








VALINE 


0 










LEUCINE 


0 










ISOLEUCINE 0 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 






CCT 


YES 


PROLINE 


1 






TCT 


YES 


SERINE 


1 


POLAR 


2 






CYSTEINE 


0 


NONIONEABLE 








ASPARAGINE 


o" 


(POL) 








GLUT AMINE 


0 










TYROSINE 


0 








YES 


THREONINE 


1 










ASPARTTC ACID 


0 


IONIZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 
(NEG^ 








LYSINE 


0 


IONIZABLE: BASIC 


0 






ARGININE 


0 


POSITIVE CHARGE 








HISTEDINE 


0 


(POS) 








STOPCODON 


0 


STOP SIGNAL 
(STP) 


0 




4 


4 Amino Acids Are 


NPL:POL:NEGdPOS:STP = 






Represer 


itfid 


2: 2: 0: 


0: 0 



10 
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TABLE 24. N, G, A 




coggw 

GGA 



TOTAL 



CGA 



AGA 



TGA 



YES 



YES 



AMIN O ACID 
GLYCUSTB 



ALANINE 



VAUNE 



LEUCINE 



ISOLEUCINB 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



SERINE 



CYSTEINE 



ASPARAG1NE 



GLUTAMINE 



TYROSINE 



THREONINE 



ASPARTICACIP 



GLUTAMIC ACID 



LYSINE 



ARGININE 



HIST 



STOPCODON 



4 



2 Amino Acids Are 
Represented 



CATEGORY 

NONPOLAR 
(NPL) 



POLAR 
NONIONTZABLE 
(POL) 



IONTZABLE: ACIDIC 
NEGATIVE CHARGE 
(NEG) 



IONTZABLE: BASIC 
POSITIVE CHARGE 
(POS) 



STOP SIGNAL 



NPL:POL:NEG:POS:STP 
1: 0: 0: 2: 1 



TABLE 25. N, G, C 



TOTAL 



CODON 


Represented 


AMINO ACI JFrecjuencjJ 


CATEGORY {Frequency) 


GGC 


YES 


GLYCINE I 


NONPOLAR 1 
(NPL) 






ALANINE 0 






VALINE 0 






LEUCINE 0 






ISOLEUCINE 0 






METHIONINE 0 






PHENYLALANINE 0 






TRYPTOPHAN 0 






PROLINE i) 


AGC 


YES 


SERINE 1 


POLAR 2 
NONIONTZABLE 
(POL) 


TGC 


YES 


CYSTEINE 1 






ASPARAGINE 0 






GLUTAMINE 0 






TYROSINE 0 






THREONINE 






ASPARTTCAOD 0 


IONEABLE: ACIDIC 0 
NEGATIVE CHARGE 






GLUTAMIC ACID 0 






LYSINE 0 


IONEABLE: BASIC 1 
POSITIVE CHARGE 
(POS) 


CGC 


YES 


ARGININE 1 






HISTIDINE 0 






STOPCODON 0 


STOP SIGNAL 0 
CSTP) 


4 4 Amino Acids Are 

Represented 


NPL:POL:NEG:POS:STP = 
I: 2: 0: 1: 0 



10 
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TABLE 26. N, G, G 



TOTAL 







AMINO ACID 




CATEGORY 


fFreaoencv) 




VR6 




1 

* 


NONPOLAR 


2 






ALANINE 


0 


(NPL) 








VALINE 


0 










LEUCINE 


0 










ISOLEUCINB 


0 










METHIONINE 


0 










PHENYLALANINE 


o 






TGG 


YES 


1 TRYPTOPHAN 


1 










PROLINE 


0 










SERINE 


0 


POLAR 


0 






CYSTEINE 


0 


NONIONIZABLE 
(POL) 








ASPARAGINE 


0 








GLUTAMINE 


0 










TYROSINE 


0 










THREONINE 


0 










ASPARTTC ACID 


0 


IONIZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 
<NEG) 








LYSINE 


0 


IONIZABLE: BASIC 


2 


CGG 


YES 


ARGININE 


2 


POSITIVE CHARGE 




AG6 


YES 






(POS) 








HETIDINE 


0 










STOPCODON 


0 


STOP SIGNAL 
CSTP) 


0 




4 


3 Amino Acids Are 


NPL:POL:NEG:POS:STP = 




Represented 


2: 0: 0: 


2: 0 



TABLE 27. N, G, T 



CODON 


Represented 


AMINO ACID 


(Fraiueucy) 


CATEGORY 


Treanencv) 


GGT 


YES 


GLYCINE 


1 


NONPOLAR 


i 






ALANINE 


0 


(NPL) 








VALINE 


0 










LEUCINE 


0 










ISOLEUCINE 


0 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 










PROLINE 


0 






AGT 


YES 


SERINE 


1 


POLAR 


2 


TGT 


YES 


CYSTEINE 


1 


NONIONIZABLE 








ASPARAGINE 


0 


(POL) 








GLUTAMINE 


0 










TYROSINE 


0 










THREONINE 


0 










ASPARTIC ACE) 


0 


IONIZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 








LYSINE 


0 


IONIZABLE: BASIC 


I 


CGT 


YES 


ARGININE 


1 


POSITIVE CHARGE 
(POS) 








HISTTDINE 


0 




1 




STOPCODON 


0 


STOP SIGNAL 
(SIP) 


0 




4 


4 Amino Acids Are 


NPLdPOL:NEG:POS:STP = 






Represented 


1: 2: 0: 


1: 0 
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TABLE 28. N, T, A 




SERINE 



CYSTEINE 



ASPARAG1NE 



GLUTAMINE 



TYROSINE 



NINE 



POLAR 
NONIONIZABLE 
(POL) 



ASPARTICACID 



GLUTAMIC ACID 



LYSINE 



ARGININE 



HISTBDINE 



STOPCODON 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 
(NHS) 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(POS> 



STOP SIGNAL 
(STP) 



TOTAL 



4 



3 Amino Acids Are 
Represented 



I 



NPLPOL:NEG:POS:STP 
4: 0: 0: 0: 0 



1 



TABLE 29. N, T, C 



TOTAL 



CODON 


Represented 


AMINO ACID 


(frequency) 


CATEGORY 


(Freaueocv) 






GLYCINE 


0 


NONPOLAR 


4 






ALANINE 


0 


(NFL) 




GTC 


YES 


VALINE 


I 






CTC 


YES 


LEUCINE 


I 






ATC 


YES 


ISOLEUCINE 


1 










METHIONINE 


0 






TTC 


YES 


PHENYLALANINE 


1 










TRYPTOPHAN 


0 










PROLINE 


0 










SERINE 


0 


POLAR 


0 






CYSTEINE 


0 


NONIONIZABLE 








ASPARAGINE 


0 


(POL) 








GLUTAMINE 


0 










TYROSINE 


0 


• 








THREONINE 


0 










ASPARTIC ACID 


0 


IONIZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 
(NEG) 








LYSINE 


0 


j IONIZABLE: BASIC 


0 






ARGININE 


0 


POSITIVE CHARGE 








HESTIDINE 


0 


(POS) 




| 




STOPCODON 


0 


STOP SIGNAL 
(STP) 


0 




4 


4 Amino Acids Are 1 


| NPLrPOLtNEGrPOSrSTP = 1 




Represented | 


4: 0: 0: 


0: 0 1 



10 
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TABLE 30. N,T,G 



TOTAL 



/"V"»rwt»# 
I l+sJUUFi 


n ep resented 


S AMINO AlflLJ 


y^y^ ill >a ri ■■_it_M r 1 

<Frequency> 




\t> req Utiucy) 






GLYCINE 


0 


NONFOLAK 


A 

** 






AT AXJTMTJ 
ALAIN UNO 


V 


(NPL) 




GTG 


YES 


VALINE 


1 






TTG 


YES 


LEUCINE 


2 






tlu 


vcc 














ISOLEUCINE 


0 






A TV? 


vcc 

I Ho 




1 










PHENYLALANINE 


0 












n 
u 










PROLINE 


0 










SERINE 


0 


POLAR 


0 






CYSTEINE 


0 


NONIONEABLE 








ASPARAGINE 


0 


(POL) 








GLUTAMINE 


0 ! 










TYROSINE 


0 










THREONINE 


Q 










ASPARTIC ACID 


0 


IONIZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 
(NEG) 








LYSINE 


0 


IONIZABLE: BASIC 


0 






ARGININE 


0 


POSITIVE CHARGE 








HISTTDINE 


0 


(POS) 








STOPCODON 


0 


STOP SIGNAL 
(STP) 


0 




4 


3 Amino Acids Are 


NPL:POL:NEG^OS:STP = 






Represented 


4: 0: 0: 


0: 0 



TABLE 31. N, T, T 



CODON I Represented \ AMINO ACID 



(Frequency) 



GTT 



CTT 



ATT 



TTT 



YES 



YES 



YES 



GLYCINE 



ALANINE 



VALINE 



LEUCINE 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



SERINE 



CYSTEINE 



ASPARAGINE 



GLUTAMINE 



TYROSINE 



THREONINE 



ASPARTIC ACID 



GLUTAMIC AdD 



TOTAL 




4 Amino Acids Are 
Represented 



CATEGORY 



(Frequent: 



NONPOLAR 
(NPL) 



POLAR 
NONIONEABLE 
(POL) 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 
(NEG) 



NPL:POL:NEGJPOS:STP 
4: 0: 0: 0: 0 
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TABLE 32. N, A/C, A 





GCA 



CAA 



ACA 



GAA 



AAA 



TAA 



TOTAL 



YES 



YES 



YES 



YES 



YES 



AMINO ACID 
GLYCINE 



ALANINE 



VALINE 



LEUCINE 



LEUCINE 



METHIONINE 



PHENYLALANINE 



ASPARAGINE 



GLUTAMINE 



TYROSINE 



THREONINE 
TsPARTICACI 



GLUTAMIC A< 



LYSINE 



ARGININE 



HISTIDINE 



STOP CODON 



8 



7 Amino Acids Are 
Represented 



CATEGORY 

NONPOLAR 
CNPL) 



POLAR 
NONIONIZABLE 
(POL) 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 



ION12ABLE: BASIC 
POSITIVE CHARGE 
CPOS) 



STOP SIGNAL 
(STP) 



NPL:POL:NEG:POS:STP 
2: 3: 1: 1: 1 



TABLE 33. N, A/G t A 



CODON 


Represented 


AMINO ACID 


^Fre^uency) 


CATEGORY 




GGA 


YES 


GLYCINE 


1 


NONPOLAR 


1 






ALANINE 


0 


(NPL) 








VALINE 


0 










LEUCINE 


0 










ISOLEUCINE 


0 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 










PROLINE 


0 










SERINE 


0 


POLAR 


I 






CYSTEINE 


0 


NONIONIZABLE 








ASPARAGINE 


0 


(POL) 




CAA 


YES 


GLUTAMINE 


1 










TYROSINE 


0 










THREONINE 


0 










ASPARTIC ACID 


0 


IONIZABLE: ACIDIC 


1 


GAA 


YES 


GLUTAMIC ACID 


1 


NEGATIVE CHARGE 
CNEG) 




AAA 


YES 


LYSINE 


1 


IONIZABLE: BASIC 


3 


CGA 


YES 


ARGININE 


2 


POSITIVE CHARGE 




AGA 


YES 






(POS) 








HISTIDINE 


0 






TAA 


YES 


STOP CODON 


2 


STOP SIGNAL 


2 


TGA 


YES 






(STP) 






8 


5 Amino Acids Are 


NPL:POL:NEG:POS:STP = 






Represented 


1: 1: 1: 


3: 2 
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TABLE 34. N, A/T, A 



TOTAL 




6 Amino Acids Are 
Represented 



TABLE 35. N, C/G, A 



CODON 


Represented 


AMINO ACID 


frequency) 


CATEGORY 


(Frequency) 


GGA 


YES 


GLYCINE 


1 


NONPOLAR 


3 


GCA 


YES 


ALANINE 


1 


<NPL) 








VALINE 


0 \ 










LEUCINE 


0 










ISOLEUCINE 


0 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 






CCA 


YES 


PROLINE 


1 






TCA 


YES 


SERINE 


1 


POLAR 


2 






CYSTEINE 


0 


NONIONEABLB 
(POL) 








ASPARAGINE 


0 








GLUTAMINE 


0 










TYROSINE 


0 






ACA 


YES 


THREONINE 


I 










ASPARTIC ACID 


0 


IONIZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 








LYSINE 


0 


IONIZABLE; BASIC 


2 


CGA 


YES 


ARGININE 


2 


POSITIVE CHARGE 




AGA 


YES 






CPOS) 








HISTTDINE 


0 






TGA 


YES 


stopcodon 


1 


STOP SIGNAL 
(STP) 


1 




8 


6 Amino Acids Are 


1 NPL :POL:NEG -POSiSTP = 






Represented 


I 3: 2: 0: 


2: 1 
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TABLE 36. N, C/T, A 



TOTAL 



CODON jj Represented 


AMINO ACID 


(Frequency) 


CATEGORY 


(Frequency) 






GLYCINE 


0 


| NONPOLAR 


6 


GCA 


YES 


ALANINE 


1 


(NPL> 




win 




VALINE 


1 






TTA 


YES 


LEUCINE 


2 






CTA 


YES 










ATA 


YES 


ISOLEUCINE 


1 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 






cca 


YES 


PROLINE 


1 






TCA 


YES 


SERINE 


1 


POLAR 


2 






CYSTEINE 


0 


NONION3ZABLE 








ASPARAGINE 


0 


(POL) 








GLUTAMBNE 


0 










TYROSINE 


0 






aca 


f YES 


THREONINE 


1 










ASPARTIC ACID 


0 


IONTZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 








LYSINE 


0 


IONJZABLE: BASIC 


0 






ARGININE 


0 


POSITIVE CHARGE 








HISTCDINE 


0 


(POS) 








STOPCODON 


0 


STOP SIGNAL 
(STP) 


0 




8 


7 Amino Acids Are 


NPL:POL:NEG:POS:STP = 






Represented 


6: 2: 0: 


0: 0 



TABLE 37.N,T/G, A 



TOTAL 



CODON 


Represented 


AMINO ACID 


(Frequency^ 


CATEGORY 


(Frequency) 


GGA 


YES 


GLYCINE 


I 


NONPOLAR 


5 






ALANINE 


0 


<NPL) 




GTA 


YES 


VALINE 


1 






I TTA 


YES 


LEUCINE 


2 






CTA 


YES 










ATA 


YES 


ISOLEUCINE 


i 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 










PROLINE 


0 










SERINE 


0 


1 POLAR 


0 






CYSTEINE 


0 


NONIONJZABLE 








ASPARAGINE 


0 


(POL) 








GLUTAMINE 


0 










TYROSINE 


0 










THREONINE 


0 










ASPARTIC ACID 


0 


IONTZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 
JNEG^ 








LYSINE 


0 


IONTZABLE: BASIC 


2 


CGA 


YES 


ARGININE 


2 


POSITIVE CHARGE 




AGA 


YES 






CPOS) 








HISTIDINE 


0 






TGA 


YES 


STOPCODON 


1 


STOP SIGNAL 
(STP) 


1 




8 


5 Amino Acids Ate 
Represented 


NPL:POL:NEG:POS:STP = 
5: 0: 0: 2: 1 
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TABLE 38. 



N, C/G/T, A 

CODON 

GGA 



TOTAL 




9 Amino Acids Are 
Represented 



TABLE 39 



TOTAL 



CODON 


Represented 


AMINO ACID 


(Frequency) 


CATEGORY 




GGA 


YES 


GLYCINE 


1 


NONPOLAR 


5 






ALANINE 


0 


(NPL) 




GTA 


YES 


VALINE 


1 






TTA 


YES 


LEUCINE 


2 






CTA 


YES 










ATA 


YES 


ISOLEUONE 


1 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 










PROLINE 


0 










SERINE 


0 


POLAR 


1 






CYSTEINE 


0 


NONION3ZABLE 
(POL) 








ASPARAGINE 


0 




CAA 


YES 


GLUTAMINE 


1 










TYROSINE 


0 










THREONINE 


0 










ASPARTIC ACID 


0 


IONIZABLE: ACIDIC 


1 


GAA 


YES 


GLUTAMIC AGED 


a 


NEGATIVE CHARGE 
(NEG) 




AAA 


YES 


LYSINE 


i 


IONIZABLE: BASIC 


3 


1 CGA 


YES 


ARGININE 


2 


POSITIVE CHARGE 




1 AGA 


YES 






(POS) 








HIST1D2NE 


0 






TAA 


YES 


STOP CODON 


2 


STOP SIGNAL 


2 


TGA 


YES 






(STP) 






12 


8 Amino Acids Are I 


I NPL£POL:NEG:POS:STP = 






Represented j 


1 5: 1: I: 


3: 2 
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TABLE 40. N, A/C/T, A 



TOTAL 




10 Amino Acids Are 
Represented 



TABLE 41 



TOTAL 



CODON 1 


Represented 


AMINO ACID 


(Frequency) 


CATEGORY 


(Freguency) 


GGA 


YES 


GLYCINE 


1 


NONPOLAR 


3 


GCA 


YES 


ALANINE 


I 


(NPL) 








VALINE 


0 










LEUCINE 


0 










ISOLEUCINE 


0 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 






CCA 


YES 


PROLINE 


1 






TCA 


YES 


SERINE 


1 


POLAR 


3 






CYSTEINE 


0 


NONIONLZABLE 
(POL) 








A5FARAGINE 


0 




CAA 


YES 


GLUT AMINE 


1 










TYROSINE 


0 






ACA 


YES 


THREONINE 


1 










ASPARTIC ACID 


0 


IONIZABLE: ACIDIC 


1 


GAA 


YES 


GLUTAMIC ACID 


1 


NEGATIVE CHARGE 
(NEG> 




AAA 


YES 


LYSINE 


I 


IONIZABLE: BASIC 


3 


CGA 


YBS 


ARGJNINE 


2 


POSITIVE CHARGE 
(POS) 




AGA 


YES 












HISTTDINE 


0 






TAA 


YES 


STOP CODON 


2 


STOP SIGNAL 


2 


TGA 


YES 






(STP) 






12 


9 Amino Acids Are 


NPL:POL:NEG:POS:STP « 






Represented 


3: 3: 1: 


3: 2 
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TABLE 42. A, N, N 



CODON 


Represented 


AMINO ACID 


fFrecroeflcy) 


CATEGORY (Frequency) 






GLYCINE 


0 




>» 

•r 






ALANINE 


0 










VALINE 


0 












A 
V 






F ATT 


YES 
* raj 


ISOLEUQNS 


3 






ATC 


YES 










ATA 


YES 












Vnc 

YES ] 


MnlHIONINB 


1 










HULIMVI If M % VTVTt? 

rHENYLAUANINn 


0 










TRzrlurUAN 


0 










PROLINE 


0 






AST 


YES 


SERINE 


2 


POLAR 


B 


AGC 


YES 






NONION3ZABLB 








CYSTBINE 


0 


(POL) 




j AAT 


YES 


ASPARAGINB 


2 






AAC 


YES 














GLUTAMINB 


0 










TYROSINE 


0 






ACT 


YES 


THREONINE 


4 






AGC 


YES 










ACA 


YES 










ACG 


i YES 














ASPARTIC ACID 


0 


IONIZABLE: ACIDIC 


0 | 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 




AAA 


YES 


LYSINE 


2 


IONIZABLE; BASIC 


4 


AAG 


YES 






POSITIVE CHARGE 




AGA 


YES 


ARGININB 


2 


(PCS) 




AGG 


YES 
















0 










STOP CODON 


0 


STOP SIGNAL 
(SIP) 


0 


16 


7 Amino Acids Are Represented 

■ 


NPLPOL:NEG:POS:STP a 
4: 8: 0: 4: 0 



TABLE 43. C,N,N 



TOTAL 
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TABLE 44. G, N, N 



TOTAL 



1 mmm 


1 Represent ? 


AMINO ACID 


(Frequency) 


CATEGORY 


(Frcqneccy) 


GGT 


S YES 


GLYCINE 




NONPOLAR 


12 


GGC 


YES 






(NFL) 




GGA 


YES 










GGG 


YES 










GCT 


f YES 


ALANINE 


4 






GCC 


YES 










1 GCA 


YES 










GGG 


YES 










GTT 


YES 


VALINE 


4 






GTC 


r YES 










GTA 


YES 










GTG 1 


YES 














LEUCINE 


0 










ISOLEUCZNE 


0 










METHIONINE 


0 










PHENYLALANINE 


V 










TRYPTOPHAN 


0 










PROLINE 


0 










SERINE 


0 


POLAR 


0 






CYSTEINE 


0 ^} 


NONIONXZABLB 








ASPARAGINE 


0 


(POL) 








GLUTAMINB 


0 










TYROSINE 


0 . 










THREONINE 


0 






GAT 


YES 


ASPARTICACID 


2 


IONLZA13LE: ACIDIC 


4 


GAC 


YBS 






NEGATIVE CHARGE 




GAA 


YBS 


GLUTAMIC ACID 


2 


(NEG) 




GAG 


YBS 














vrsm 


0 


IONIZABLB: BASIC 


0 






ARGTNINE 


0 


POSITIVE CHARGE 








HISTIDINE 


0 


(POS) 








STOPCODON 


0 


STOP SIGNAL 


0 . 



16 



5 Amino 



NPLPOL:NEG:POS£TP « 
12; 0: 4: 0:0 



TABLE 45. T, N, N 



TOTAL 
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TABLE 46. A/C, N, N 



l+UDUN 


Represented 


AMINU AOIO (Freouency) 


1 CATEGORY (Frequency) 






GLYCINE 0 


1 NONPOLAR 12 






ALANINE 0 


1 (NPL) 






VALINE 0 




CTT 


YES 


LEUCINE 4 




! LAV- 


VT7C 




CTA 






CTX3 


YES 




ATT 

AX X 




ISOLEUC1NE 3 




ATT* 
AIL 


ICS 


ATA 

h AT. A 


YES 


AIXj 


YES 


MEImONINE 1 






PHENYLALANINE 0 






TRYPTOPHAN 0 




ccr 


YES 


PROLINE 4 


ccc 


YES 


CCA 


YES 


CCG 


YES 


AGT 


YES 


SERINE 2 { 


P* POLAR 10 
NONIONLZABLE 
(POL) 


AGC 


YES 






CYSTEINE 0 


AAT 


YES 


ASPARAG1NE 2 


AAC 


YES 


CAA 


YES 


GLUTAMINE 2 


CAG 


YES 






TYROSINE 0 | 


ACT 


YES 


THREONINE 4 


ACC 


YES 


ACA 


YES 


ACQ 


YES 






ASPARTIC ACID 0 


! IONLZABLE: ACIDIC 0 
NEGATIVE CHARGE 
(NEG) 






GLUTAMIC ACID 0 


AAA 


YES 


LYSINE 2 


IONIZABLE: BASIC 10 
POSITIVE CHARGE 
(POS) 


AAG ! 


YES 


CGT 


YES 


ARGIN1NE 6 


! CGC 


YES 


CGA i 


YES 


CGG 


YES 


AGA 


YES 


AGG 


YES 


CAT 


YES 


HISTIDINE 2 


CAC 


YES 






STOPOODON 0 * 


STOP SIGNAL 0 
(STP) 


32 11 Amino Acids Are Represented I 


NPL:POL:NEG:POS:STP « 
12: 10: 0: 10: 0 
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\ 



TABLE 47. A /G,N,N 
CODON 



TOTAL 
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TABLE 48. A/T,N,N 



TOTAL 







GLYCINE 0 


NONPOLAR 9 






ALANINE 0 


(NPL) 






VALINE 0 t 




TTA 


YES 


LEUCINE 2 




TTG 


YES 


ATT 


YES 


XSOLEUCINE 3 


ATC 


YES 


ATA 


YES 


! ATG 


YES 


METHIONINE 1 


TTT 


YES 


PHENYLALANINE 2 


TTC 


YES 


TGG 


YES 


TRYPTOPHAN I 






PROLINE 0 


TCT 


YES 


SERINE 6 


POLAR 16 | 
MONIONTZABLE 

(POL) 


! TCC 


YES 


TCA 


YES 

A MM 


TCG 


YES 


ACJT 


YES 


AGC 


YES 


TGT 
TGC 


YES 
YES 


CYSTEINE 2 


AAT 


YES 


ASPARAG1NE 2 


AAC 


YES 






GLUTAMINE 0 


TAT 


YES 


TYROSINE 2 


TAC 


YES 


inn* 


YES 


'l'U'L>Cf*VKyTVTP yi 

IHKJbUNliNfcS 4 


ACC 


YES 


E ACA 


YES 




VT7<S 
I JCo 






ASPARTIC ACID 0 


IONIZABLE: ACIDIC 0 
NEGATIVE CHARGE 
(NEG) 






GLUTAMIC ACID 0 


AAA 


YES 


LYSINE 2 


IONIZABLE: BASIC 4 
POSITIVE CHARGE 
(POS) 


AAG 


YES 


AGA 


YES 


ARGININE 2 


1 AGG 


YES 






HISHDINE 0 


TAA 


YES 


STOPCODON 3 


STOP SIGNAL 3 
(STP) 


TAG 


YES 


TGA 


YES 




32 


12 Amino Acids Are 
Represented 


NPL:POL:NEG:POS:SlP = 
9: 16: 0: 4: 3 
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TABLE 49. C/G, N, N 



TOTAL 





i rScyTeScfllcu 




itTTequency/ 




|HM|| |i M|A*r\ 
IV ICU UCUVT 7 


GGT 


YES 


GLYCINE 


4 


NONPOLAR 


20 




z Jco 












VP.C 
X CO 










i GGG 


YES 










GCT 


YBS 


ALANINE 


4 








X so 
























YBS 










GTT 


YES 


VALINE 


4 






GTC 


YES 










GTA 


YES 










GTG 


YES 










CIT 


r YES 


LEUCINE 


A 






CTC 


YES 










| CTA 


YES 










CTG 


YES 














^ ISOLEUC3NE 


0 










METHIONINE 


0 










PHENYLALANINE 


0 










TRYPTOPHAN 


0 






ccr 


YES 


PROLINE 


4 






ccc 


YES 










cca 


YES 










CCG 


YES 
















II 


TOrtT AD 


0 lit 
2 1 






CYSTEINE 


0 


1> WIN IV/It Id «rvDI, «r« 








ASPARAGINR 


n 

V 


(POL) 




CAA 


YES 


GLUTAMINE 


2 






CAG 


YES 














TYROSINE 


0 










THREONINE 


0 






GAT 


YBS 


ASPARTIC ACID 


2 


IONEABLE: ACIDIC 


4 | 


GAC 


YES 






NEGATIVE CHARGE 




[ GAA 


YES 


GLUTAMIC ACID 


2 


(NEG> 




^GAG^m 
















LYSINE 




IONEABLE; BASIC 




CGT 


YES 


ARGININE 


4 


POSITIVE CHARGE 




CGC 


YES 






(POS) 




CGA 


YES 










ogg 


YES 










CAT 


YBS 


HISTEDINE 


2 






















STOPCODON 


0 


"^"sTOPSXGnSl™"" - "" 





32 



10 Amino Acids Are 
Represented 



NPL:POL:NEG:POS:STP 
20: 2: 4: 6: 0 
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TABLE 50. C/T, N, N 



TOTAL 



CODON 


1 Represented 


AMINO ACID (Frequency) 


CATEGORY 


(Frequency) 






GLYCINE 


0 


NONFOLAR 


13 






ALANINE 


0 


1 (NPL) 








VALINE 


0 






I TTA 


YES 


LEUCINE 


6 






TTG 


YES 










CTT 


YES 










CTC 


YES 










CTA 


YES 










CTG 


YES 














ISOLEUCINE 


0 










METHIONINE 


0 






TTT 


YES 


PHENYLALANINE 


2 






TTC 


YES 










TGG 


YES 


TRYPTOPHAN 


1 






! CCT 


YES 


PROLINE 


4 






! CCC 


YES 










1 CCA 


YES 










CCG 


YES 










TCT 


YES 




4 


POLAR 


10 


TCC 


YES 






NONIONIZABLE 




TCA 


YES 






(POL) 




TCG 


YES 










TCT 


YES 




2 






TGC 


YES 














ASPARAGINE 


A 

w 






CAA 


YES 


GLUT AMINE 


2 






! CAG 


YES 










TAT 


YES 


TYROSINE 


2 






TAC 


YES 














THREONINE 


0 










ASPARTICACID 


0 


IONIZABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 
(NBG) 








LYSINE 


0 


IONIZABLE: BASIC 


6 


CGT 


YES 


ARGININE 


4 


POSITIVE CHARGE 




CGC 


YES i 






(POS) 




1 CGA 


YES 










CGG 


YES 










CAT 


YES 


HISTEDINE 


2 






CAC 


YES 










TAA 


YES 


STOP CODON 


3 


STOP SIGNAL 


3 


TAG ! 


YES 






(STP) 




TGA 


YES 












32 


10 Amino Acids Are 


NPL:POL:NEGdPOS:STP = 






Represented 




13: 10: 0: 


6: 3 
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TABLE 51. G/T, N , N 

CODON 




GGA 



GGG 



gct 



GCC 



GCA 



GCG 



GTT 



GTC 



GTA 



GTG 



TTA 



TIG 



TTT 



TIC 



TCC 



TCA 



TCG 



TGT 



TGC 



TAT 



TAC 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



GAT 



GAC 




TAA 



TAG 



TGA 



YES 



YES 



YES 



ALANINE 



VALINE 



LECH 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 




CYSTEINE 



ASPARAGNB 



GLUTAMINE 



TYROSINE 



ASPARTICACDt 



0 



LYSINE 



ARGININE 



HISTCPINB 

^iSpcodon 



0 



CATEGORY 

NONPOLAR 

(NPL) 



POLAR 
NONIONIZABLE 
(POL) 



IONKABLE* ACIDIC 
NEGATIVE CHARGE 
(NEG) 



TOTAL 



32 



11 Amino Acids Are 
Represented 



IONEABLE: BASIC 
POSITIVE CHARGE 
(PCS) 

ISSpSgNaT 

(STP) 



NPL0POL0SIEG:POS:STP = 
17: 8: 4: 0: 3 
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TABLE 52. N,A,N 

CODON 



TOTAL 




7 Amino Acids Are 
Represented 



TABLE 53. N,C,N 



TOTAL 



CODON 



GOT 



GCC 



OCA 



GCG 



OCT 



CCC 



OCA 



CCG 



TCT 



TOG 



TCA 



TOG 



ACT 



ACC 



ACA 



ACG 



Represented 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



AMINO ACID 



GLYCINE 



^SSSSm 



my) 



ALANINE 



VALINE 



LEUCINE 



ISOLEUONB 



METH 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



SERINE 



CYSTEINE 



ASPARAGINE 



GLUTAMINE 



TYRQSINS 



THREONINE 



ASPARTICACID 



GLUTAMIC ACID 



LYSINE 



ARGININE 



HXSTIDINE 
STOP CODON 




16 



4 Amino Acids Are 
Represented 



CATEGORY 



NONPOLAR 
(NPL) 



8 



POLAR 
NONIONEABLE 
(POL) 



8 



IONEZABLE: ACIDIC 
NEGATIVE CHARGE 
(NEG) 



IONEABLE; BASIC 
POSITIVE CHARGE 
(POS) 



STOP SIGNAL 
(STP) 



NPL:POL:NEG:POS:STP 
8: 8: 0: 0: 0 
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TABLE 5 4. N, G, N 

CODON 





TOTAL 



GGC 



GOA 



GG6 



AGC 



TOT 



TGC 



CGT 



CGC 



CGA 



goo 



AOA 



AGG 



TGA 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



ALANINE 



VALINE 



LEUCINE 



ISOLEUCtNE 



MBTtaOWNB 



PHENYLALANINE 



CYSTEINE 



ASPARAGJNE 



GLUTAMINE 



TYROSINE 



0 



THREONINE 



ASPARTIC ACID 



0 



GLUTAMIC ACID 



LYSINE 



ARGININE 



HISTEDINE 



STOP CODON 



16 



5 Amino Acids Are 
Represented 



CATEGORY 

NONPOLAR 

(NPL) 



POLAR 
NONIONIZABLE 
<POL) 



IONKABLB: ACIDIC 
NEGATIVE CHARGE 



IONEABLR BASIC 
POSITIVE CHARGE 
(PCS) 



6 



STOP SIGNAL 
(STP) 



NPL-POL:NEG:POS:STP 
5: 4: 0: 6: I 



TABLE 55. N, T, N 



TOTAL 



CODON 


Represented 


£ AMINO ACID 


(Fremjencv) 


CATEGORY 








GLYCINE 




NONPOLAR 


16 






ALANINE 


0 


(NPL) 




- ,GTT 


YES 


VALINE 


4 






GTC 


YES 










GTA 


YES 










GTG 


YES 










TTA 


YES 


LEUCINE 


6 






I TTG 


YES 










! err 


YES 










CTC 


YES 










CTA 


YES 










CTG 


YES 










ATT 


YES 


ISOLEUCINE 


3 






ATC 


YES 


• 








ATA 


YES 










ATG 


YES 


METHIONINE 


I 






TTT 


YES 


PHENYLALANINE 


2 






TTC 


YES 














TRYPTOPHAN 


0 










PROLINE 


0 










SERINE 


0 


POLAR 


0 






CYSTEINE 


0 


NONIONIZABLE 








ASPARAGINE 


0 


(POL) 








GLUTAMINE 


0 










TYROSINE 


0 










THREONINE 


0 ^ . 










ASPARTIC ACID 




IONEABLE: ACIDIC 


0 






GLUTAMIC ACID 


0 


NEGATIVE CHARGE 








LYSINE 


0 'I 


IONEABLE: BASIC 


0 






ARGININE 


0 


POSITIVE CHARGE 
(POS) 








HISTIDINE 


0 








STOP CODON 


0 


STOP SIGNAL 
(STP) 


0 


16 


5 Amino Acids Are Represented 


NPLJ>OL:NEa-POS:STP = 
1& 0: <h 0:0 
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TABLE 56. N, A/C, N 

CODON 




TOTAL 



GCC 



GCA 



GCG 



car 



coc 



CCA 



CCG 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



TCT 



TCC 



TCA 



TOG 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



ACT 



ACC 



ACA 



ACG 



GAT 



GAC 



GAA 



GAG 



AAA 



AAG 



CAT 



CAC 



TAA 



TAG 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



VALINE 



LEW 



B 



ISOLEUCINB 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



SERINE 



CYSTEINE 



ASPARAl 



2 



GLUT AMINE 



TYROSINE 



2 



THREONINE 



ASPARTIC ACID 



2 



GLUTAMIC ACID 



LYSINE 



ARGININE 



HISTIDINE 



STOP CODON 



32 



11 Amino Acids Are 
Represented 



CATEGORY. 

NONPOLAR 

(NPL) 



POLAR 
NONIONtZABLE 
(POL) 



14 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 
<NEG> 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(PCS) 



STOP SIGNAL 
(STP) 



NPL: POL: NEG:POS:STP 
8: 14: 4: 4: 2 



343 



WO 02/092780 



PCT/US02/15767 



TABLE 57. N,A/G,N 



TOTAL 



CODON I Represented 


AMINO ACID ^Frwpency) 


CATEGORY ^Fre*jU£iicy^ 


GGT 
GGC 


YES 
YES 


GLYCINE 4 


N0NPOLAR 5 
(NPL) 


GGA 


YES 




GGG 


YES 






ALANINE 0 








VALINE 0 








LEUCINE 0 








ISOLEUONE 0 








METHIONINE 0 








PHENYLALANINE 0 




TGG 


YES 


TPVPTfYPWAN 1 
lKZr AX/TJtXrVJN 1 






rmAT TMT3 ft 




A/3T 


ICO 


SERINE 2 


POLAR 10 
NONION1ZABLE 
(POL) 


AGC 


YES 


TGT 


YES 


CYSTEINE 2 


TGC 


YES 


A AT 




AorAKAuliV xS Z 


AAP 


VRfi 


CAA 


YES 


GLUTAMINE 2 


CAli 


V/TTO 

Yxi£> 


TAT 


YES 


TYROSINE 2 


HAG 


XJtSS 






THREONINE 0 














GAT 


YES 


ASPARTIC ACID 2 


IONEABUB: ACIDIC 4 
NEGATIVE CHARGE 
(NHS) 


GAC 


YES 




GAA 


YES 


GLUTAMIC ACID 2 


GAG 


YES 


AAA 


YES 


LYSINE 2 


IONIZABLE: BASIC 10 
POSITIVE CHARGE 
(POS) 


AAG 


YES 


CGT 


YES 


ARGININE 6 


GGC 


YES 


GGA 


YES 


CGG 


YES 


I AGA 


YES 


AGG 


YES 


1 CAT 


YES 


HISTTDINE 2 


CAC 


YES 


TAA 


YES 


STOP CODON 3 


STOP SIGNAL 3 
(STP) 


TAG 


YES 


TGA 


YES 


32 12 Amino Adds Are 

Represented 


NPL:POL: NEG: POS: STP 
5: 10: 4: 10: 3 
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TABLE 58. N, A/T, N 




TOTAL 



TIG 



CTT 



C1C 



CTA 



CTG 



ATT 



ATC 



ATA 



ATG 



TTT 



TTC 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



GAT 



GAC 



GAA 



GAG 



AAA 



AAG 



CAT 



CAC 



TAA 



TAG 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 



2 



TRYPTOPHAN 



PROLINE 



SERINE 



CYSTEINE 



AS PARA 



GLUTAMINE 



TYROSINE 



2 



THREONINE 



ASP ARTIC ACID 



2 



GLUTAMIC ACID 



LYSINE 



ARGININB 



HC5TID2NE 



YES 



STOPCODON 



2 



YES 



32 



12 Amino Acids Are 
Represented 



POLAR 
NONIONEABLE 
(POL) 



IONKABLE: ACIDIC 
NEGATIVE CHARGE 
(NEG) 



IONIZABLE: BASIC 
POSITIVE CHARGE 
(POS) 



STOP SIGNAL 
(STP) 



NPL: POL: NEG: POS: STP 
16: 6: 4: 4: 2 
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TABLE 59. N, C/G, N 



TOTAL 







A MEMO AHin rtTrMiinmrvt 


CATEGORY fFreatiEncv) 




^Ftepresentec^^ 

YES 


GLYCINE 


4 


NONPOLAR 13 




GGC 


YES 






(NPL) 




GGA 


YES 










uuu 


YES 












YES 


ATA VTTXTn 

ALANINE 


A 
*+ 








ISO 










GCA 


YES 










! GCG 


YES 














VALINE 


0 










LEUCINE 


0 










ISOLEUCINE 


0 










METHIONINE 


0 










PHENYLALANINE 


0 






TGG 


YES 


TRYPTOPHAN 


1 






CCT 


YES 


PROLINE 


4 






CCC 


YES 










CCA 


YES 






• 




CCG 


YES 










TCT 


YES 


SERINE 


6 


POLAR 12 




TCC 


YES 






"WrjMTOMT7 ART 17 
IN UPttUHitifl PLC 




TCA 


YES 






(POL) 




TOG 


YES 










ACT 


YES 










AGC 


YES 










TGT 


YES 


CYSTEINE 


A 






TGC 


















A 
U 










GLUTAMINE 


0 










TYROSINE 


0 






ACT 


YES 


THREONINE 


4 






ACC 


YES 










ACA 


YES 












I -Co 














ASPARTIC ACID 


0 


IONIZABLE: ACIDIC 0 








GLUTAMIC ACID 


0 


NEGATIVE CHARGE 








LYSINE 


0 


IONIZABLE: BASIC 6 




CGT 


YES 


ARGIN1NE 


6 


POSITIVE CHARGE 




CGC 


YES 






(POS) 




GGA 


YES 










CGG 


YES 










1 AGA 


YES 










AGG 


YES 














fflSTTDINE 


0 






TGA 


YES 


STOPCODON 


1 


STOP SIGNAL 1 
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8 Amino Acids Are 


NPL: POL: NBG: POS:STP 








Represented 




13: 12: 0: 6: 1 
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TOTAL 







GLYCINE 0 


CATEGORY _ (Frcqneiicy)__ 

NONPOLAR 24 
(NFL) 


GCT 


YES 


ALANINE 4 


GCC 


YES 


1 uCA 


ICO 


GCG 


YES 


GTT 


YES 


VALINE 4 


GTC 


YES 


i GTA 


YES 


GTG 


YES 


TTA 


YES 


LEUCINE 6 


TTG 


YES 


CTT 


YES 


/mi 

CTC 




CTA 




CTG 


lira 


ATT 


YES 


ISOLEUCINE 3 


! ATC 


YES 


i ATA 


YES 


ATG 
TTT 


YES 
YES 


METHIONINE 1 
PHENYLALANINE 2 


TTC 


YES 








TRYPTOPHAN 0 


OCT 


YES 


PROLINE 4 


ccc 


YES 


CCA 


YES 


^cc^^ 


^^YEJ^^^ 


TCT 




SERINE 4 


POLAR 8 
NONIONTZABLE 
(POL) 


TCC 


YES 


TCA 


YES 


TCG 


YES 






CYSTEINE 0 






ASPARAGINE 0 






GLUTAMINE 0 






TYROSINE 0 


j ACT 


YES 


THREONINE 4 


ACC 


YES 


ACA 


YES 




ACG 


YES 








ASPARTIC ACID 0 


IONEABLE: ACIDIC 0 
NEGATIVE CHARGE 
<Njg^ 






GLUTAMIC ACID 0 






LYSINE 0 


IONEABLE: BASIC 0 
POSITIVE CHARGE 
(POS) 






ARGMNE 0 






HKTTDINE 0 






STOPCODON 0 


STOP SIGNAL 0 

^syp) 
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9 Amino Acids Are 
Represented 


NFL: POL: NEG:POS:STP 
24: 8: 0: 0: 0 



347 



WO 02/092780 



PCT/US02/15767 



TABLE 61 . N, G/T, N 

co SSSL 
"Sgt 




gtc 



GTA 



GTG 



TTA 



TTG 



CTT 



CTC 



CTA 



CTG 



ATT 



ATC 



ATA 



ATG 



TTT 



TIC 



TOG 



AGT 



AGC 



TGT 



TGC 



CGT 



CGC 



CGA 



CGG 



AGA 



AGG 



TGA 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



LEUCINE 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



YES 



YES 



YES 



YES 



YBS 



YES 



YES 



YES 



YES 



YES 



PROLINE 
SERINE 



0 



CYSTEINE 



ASPARAGINE 



GLUTAMINE 



TYROSINE 



THREONINE 



POLAR 
NONI 

(POL) 



ASPARTIC ACE? 



GLUTAMIC ACID 



LYSINE 



ARGINXNE 



HETITDINE 



STOPCODON 



TOTAL 



32 




Acids Are 

:ed 



IONIZABLE: ACIDIC 
NEGATIVE CHARGE 
(NEG) 



IONIZABLE: BASIC 
POSITIVE CHARGE 
<POS) 



6 



STOP SIGNAL 
(STP) 



NFL: POL: NEG:POS:STP 
21: 4: 0: 6: 1 
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TABLE 62. N, A/C/G, N 



CODON 

GGT 



GGC 



GGA 



GGG 



GCT 



GCC 



GCA 



GCG 



resented 

YE? 



YES 



YES 



YES 



YES 



YES 



YES 



TGG 



CCT 



CCC 



CCA 



CCG 



TCT 



TCC 



TCA 



TCG 



AGT 



AGC 



TGT 



TGC 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



ACT 



ACC 



ACA 



ACG 



GAT 



GAC 



GAA 



GAG 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



AMjNO ACID 



4 



ALANINE 



VALINE 



LEUCINE 



0 



ISOLEOCINE 



METHIONINE 



PHENYLALANINE 



TRYPTOPHAN 



PROLINE 



SERINE 



CYSTEINE 



ASPARAGINE 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



AAA 



AAG 



CGT 



CGC 



CGA 



CGG 



AGA 



AGG 



CAT 



CAC 



TAA 



TAG 



TGA 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



GLUTAMINE 



TYROSINE 



THRE 



ASPARTIC ACID 



GLUTAMIC ACID 



2 



LYSINE 



ARGININE 



ffiSTIDINE 



YES 



YES 



YES 



TOTAL 



STOP CODON 



48 



15 Amino Acids Are 
Represented 



CATEGORY 

NONPOLAR 
(NPL) 



13 



POLAR 
NONIONIZABLE 
(POL) 



18 



IONIZABUB: ACIDIC 
NEGATIVE CHARGE 
(NEG) 



IONIZABLE: BASIC 
POSITIVE CHARGE 
<POS) 



10 



STOP SIGNAL 
(STP) 



NPL: POL: NEG: POSrSTP 
13: 18: 4: 10: 3 
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TABLE 63. N, A/G/T, N 




TOTAL 



GCC 



GCA 



GCG 



GTT 



GTC 



GTA 



GTG 



OTA 



TIG 



err 



CTC 



CTA 



CFG 



ATT 



ATC 



ATA 



ATG 



TTT 



TTC 



CCT 



ccc 



CCA 



CCG 



TCT 



TCC 



TCA 



TCG 



AAT 



AAC 



CAA 



CAG 



TAT 



TAC 



ACT 



ACC 



ACA 



ACG 



GAT 



QAC 



GAA 



GAG 



AAA 



AAG 



CAT 



CAC 



TAA 



TAG 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



YES 



VALINE 



LEUCINE 



ISOLEUCINE 



METHIONINE 



PHENYLALANINE 



2 



TRYPTOPHAN 



PROLINE 



SERINE 



CYSTEINE 



ASPARAGXNE 



2 



GLUTAMINE 



2 



TYROSINE 



THREONINE 



ASPARTIC ACID 



2 



GLUTAMIC ACID 



LYSINE 



ARGIN1NE 



0 



HISTIDINE 



2 



STOPCODON 



48 



16 Amino Acids Are 
Represented 



CATEGORY 
NONPOLAR 
(NPL) 



POLAR 
NONIONJZABLE 
(POL) 



14 



IONTZABLE; ACIDIC 
NEGATIVE CHARGE 
(NEG) 



IONEABLE: BASIC 
POSITIVE CHARGE 
(POS> 



STOPSKjNAL 
(STP> 



2 



NPL: POL: NEG: POS:STP 
24: 14: 4: 4: 2 
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